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The present invention relates in general to disc drive systems for storing 
information onto a disc-shaped storage medium or reading information from such disc- 
shaped storage medium, where the disc is rotated and a write/read head is moved radially 
with respect to the rotating disc. Although the present invention is also applicable in the case 
of magnetic disc systems, the present invention is specifically relating to optical or magneto- 
optical disc systems. Hereinafter, the present invention will be explained specifically for the 
case of an optical disc system, but it is to be understood that it is not intended to restrict the 
invention to optical disc systems. 

As is commonly known, an optical storage disc comprises at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information may be stored. Optical discs may be read-only type, where 
information is recorded during manufacture, which data can only be read by a user. The 
optical storage disc may also be a writable type, where information may be stored by a user. 
For writing information in the storage space of the optical storage disc, or for reading 
information from the disc, an optical disc drive comprises, on the one hand, rotating means 
for receiving and rotating an optical disc, and on the other hand optical means for generating 
an optical beam, typically a laser beam, and for scanning the storage track with said laser 
beam. Since the technology of optical discs in general, the way in which information can be 
stored in an optical disc, and the way in which optical data can be read from an optical disc, 
is commonly known, it is not necessary here to describe this technology in more detail. 

For receiving the optical disc, an optical disc drive usually comprises a carrier 
tray which is displaceable between a receiving position where the tray is located outside a 
disc drive housing so that a user can place a disc, and a scanning position where the disc is 
located inside said disc drive housing and can be rotated by the rotating means and accessed 
by the optical head. 

For rotating the optical disc, an optical disc drive typically comprises a motor, 
which drives a hub engaging a central portion of the optical disc. Usually, the motor is 
implemented as a spindle motor, and the motor-driven hub may be arranged directly on the 
spindle axle of the motor. 
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For optically scanning the rotating disc, an optical disc drive comprises a light 
beam generator device (typically a laser diode), an objective lens for focussing the light beam 
in a focal spot on the disc, and an optical detector for receiving the reflected light reflected 
from the disc and for generating an electrical detector output signal. 

5 During operation, the light beam should remain focussed on the disc. To this 

end, the objective lens is arranged axially displaceable, and the optical disc drive comprises 
focal actuator means for controlling the axial position of the objective lens. Further, the focal 
spot should remain aligned with a track or should be capable of being positioned with respect 
to a new track. To this end, at least the objective lens is mounted radially displaceable, and 

0 the optical disc drive comprises radial actuator means for controlling the radial position of the 
objective lens. 

More particularly, the optical disc drive comprises a sledge which is 
displaceably guided with respect to a disc drive frame, which frame also carries the spindle 
motor for rotating the disc. The travel course of the sledge is arranged substantially radially 

5 with respect to the disc, and the sledge can be displaced over a range substantially 

corresponding to the range from inner track radius to outer track radius. Said radial actuator 
means comprise a controllable sledge drive, for instance comprising a linear motor, a stepper 
motor, or a worm gear motor. 

The displacement of the sledge is intended for roughly positioning the optical 

:0 lens. For fine-tuning the position of the optical lens, the optical disc drive comprises a lens 
platform which carries the objective lens and which is displaceably mounted with respect to 
said sledge. The displacement range of the platform with respect to the sledge is relatively 
small, but the positioning accuracy of the platform with respect to the sledge is larger tfcian 
the positioning accuracy of the sledge with respect to the frame. 

:5 In a start-up phase, for instance when the optical disc drive is switched on, the 

radial position of the optical lens must be initialized. To this end, the sledge is moved 
towards a starting position with respect to a mechanical reference, i.e. a mechanical stop or a 
location close to such stop. A problem in this respect is that the current position of the sledge 
is not known. Further, the original position of the sledge is not known. Therefore, the sledge 

»0 is moved "blindly" towards such mechanical stop acting as position reference, usually the 
inner extremity of its displacement range. 

Unless a separate position detector is provided, the radial actuator mechanism 
does not know when the sledge meets its mechanical stop. Therefore, the mechanism must be 
prepared for a "worse case scenario", i.e. the case where the sledge is originally at its 
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outermost position when the disc drive is switched on: this start position will require the 
longest time to reach the inner mechanical stop. 

The sledge is driven with a certain predetermined velocity V. Therefore, in 
order to make sure that the sledge always reaches its innermost mechanical stop, the sledge is 
driven during a certain actuation time T, such that the following condition is met: 
VT>Ro-Ri 

wherein Rq indicates the outermost position of the sledge, while Ri indicates the innermost 
position of the sledge, as determined by said mechanical stop. 

The velocity V may not be selected too high, since this would result in a hard 
bump when the sledge meets the mechanical stop, which may cause damage and noise. 
Therefore, in view of the relatively moderate velocity and in order to meet the above- 
mentioned condition, said predetermined actuation time T is selected relatively high. On the 
other hand, if the original position of the sledge was not the outermost position, the sledge 
will reach the mechanical stop before said predetermined actuation time has passed. 

In optical disc drives according to the prior art, actuation of the sledge 
continues until said predetermined actuation time T has ended. As a consequence, it takes 
relatively much time before the disc drive is ready for operation. Also, if actuation is 
continued while the sledge has already reached the mechanical stop, an undesirable rattling 
noise may be generated, especially in the case of a stepper motor. 

An objective of the present invention is to propose a solution to the above- 
described problem. 

More particularly, an objective of the present invention is to provide a sledge 
stop detection means capable of detecting when the sledge has reached a stop. Then, on the 
basis of an output signal from this detection means, a controller can switch off the drive 
actuator, or at least end the initializing phase. 

In possible embodiments, the disc drive is provided with a separate position 
detector, directly measuring the position of the sledge. However, such would require 
additional hardware. Therefore, a further objective of the present invention is to provide a 
sledge stop detection means without incurring additional hardware. 

The present invention is based on the insight that, when the sledge reaches the 
mechanical stop, its velocity abruptly becomes zero, whereas the optical lens is carried by a 
platform which is displaceable with respect to the sledge, so that the optical lens and the 
platform tend to continue to move, driven by their mass inertia. In other words, when the 
sledge meets a mechanical stop, a radial displacement of the optical lens with respect to the 
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sledge occurs. Based on this insight, according to^an important aspect of the present 
invention, in contrast to measuring the absolute radial position of the sledge itself, the radial 
displacement of the optical lens relative to the sledge is measured, and a signal representing 
such displacement is analyzed and used as a basis to determine whether or not the sledge has 
met a mechanical stop. 

More particularly, when the sledge meets a mechanical stop, there will 
develop a differential acceleration between the sledge and the platform, which will lead to a 
differential velocity and to a differential position. In the present text, the phrase 
"displacement" is used to cover "being in a displaced condition" (distance as a function of 
time) as well as to cover "undergoing an action of displacing" (velocity as a function of time; 
first derivative of distance). 

In one embodiment, differential velocity of the optical lens with respect to the 
sledge is measured, for instance by measuring the back electro-motive force (emf) of the 
platform actuator. It is noted that a similar embodiment can be applied in the case of a 
magnetic disc system, in which case the displacement of a magnetic pickup with respect to 
the sledge is measured by measuring the back electro-motive force (emf) of the platform 
actuator, 

hi another embodiment, differential position of the optical lens with respect to 
the sledge is measured. In this respect, a particularly useful embodiment of the present 
invention is based on the further recognition that an output signal of an optical detector 
contains at least one signal component which corresponds to the radial displacement of the 
optical lens with respect to the light beam, as well as on the further recognition that this beam 
has a fixed location with respect to the sledge, so that said signal component corresponds to 
the radial displacement of the optical lens with respect to the sledge. Thus, based on this 
recognition, the present invention proposes to process an output signal of the optical detector 
such as to provide a signal component corresponding to the radial displacement of the optical 
lens with respect to the sledge, and to use this signal component as input signal for a 
controller controlling the sledge actuator. 

In many drives, when the sledge actuator is activated to bring the sledge to an 
initial position, the radial platform actuator is not activated, in which case the stiffness of the 
platform with respect to the sledge will be determined substantially only by the coupling 
between sledge and platform. Then, the platform will actually be displaced with respect to the 
sledge in case of an abrupt stop of the sledge. However, in some drives the radial platform 
actuator is also activated during displacement of the sledge to its initial position, hi such case, 
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a controller controlling the radial platform actuatdr will receive a signal representing the 
differential position and/or differential velocity of the optical lens with respect to the sledge, 
and this controller will generate its control signal for the radial platform actuator such that 
said differential position and/or differential velocity of the optical lens with respect to the 
sledge is substantially maintained at a constant value (for instance zero). In view of the 
control action of such controller, the stiffiiess of the platform with respect to the sledge will 
have been increased, typically to such extent that measuring the differential position or 
differential velocity between the optical lens and the sledge is not likely to yield a useful 
signal. 

For those cases, the present invention proposes to process the control output 
signal of the controller, as a measure of the force that needs to be exerted to keep the 
platform in place with respect to the sledge, i.e. a measure of the acceleration/deceleration 
that needs to be applied to the platform in order to keep the platform in place with respect to 
the sledge, i.e. a measure of the acceleration/deceleration of the sledge. 

These and other aspects, features and advantages of the present invention will 
be further explained by the following description of the present invention with reference to 
the drawings, in which same reference numerals indicate same or similar parts, and in which: 

Figure 1A schematically shows displaceable components of an optical disc 

drive; 

Figure IB schematically shows a sledge/platform combination; 
and Figure 2 is a flow diagram illustrating steps in a start-up phase of the disc 
drive in accordance with the present invention. 

Figure 1 A schematically illustrates an optical disc drive 1, suitable for storing 
information on or reading information from an optical disc 2. The disc drive apparatus 1 
comprises an apparatus frame 3. For rotating the disc 2, the disc drive apparatus 1 comprises 
a motor 4 fixed to the frame 3, defining a rotation axis 5. For receiving and holding the disc 
2, tiie disc drive apparatus 1 may comprise a turntable or clamping hub 6, which in the case 
of a spindle motor 4 is mounted on the spindle axle 7,of the motor 4. — 

The disc drive apparatus 1 further comprises a displaceable sledge 10, which is 
displaceably guided in the radial direction of the disc 2, i.e. in a direction substantially 
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perpendicular to the rotation axis 5, by guiding means not shown for the sake of clarity. A 
mechanical end stop for the sledge 10 with respect to the apparatus frame 3 is schematically 
indicated at 16. A radial sledge actuator, designed for regulating the radial position of the 
sledge 10 with respect to the apparatus frame 3, is schematically indicated at 1 1. The force 
exerted by this actuator 1 1 is schematically indicated as arrows F. Since radial sledge 
actuators are known per se, while the present invention does not relate to the design and 
functioning of such radial sledge actuator, it is not necessary here to discuss the design and 
functioning of a radial sledge actuator in great detail. 

The disc drive apparatus 1 further comprises a displaceable platform 20, which 
is displaceable in the radial direction of the disc 2 with respect to the sledge 10, and which is 
displaceably mounted with respect to the sledge 10 by mounting means not shown for the 
sake of clarity. A radial platform actuator arranged for radially displacing the platform 20 
with respect to the sledge 10, is indicated at 21. Since such platform actuators are known per 
se, while further the design and operation of such platform actuator is no subject of the 
present invention, it is not necessary here to discuss the design and operation of such 
platform actuator in great detail. 

For mounting and holding the platform 20 with respect to the sledge 10, a 
coupling is shown schematically at 22, which coupling has characteristics of elasticity, 
stiffness and damping. 

Figure IB schematically illustrates a possible way of mounting the platform 20 
with respect to the sledge 10. In the embodiment illustrated, the coupling 22 comprises spring 
wires 23, i.e. relatively thin, substantially one-dimensional members having their longitudinal 
axis directed approximately in the Y-direction, i.e. approximately perpendicular to the X- 
direction (radial direction) and the Z-direction (axial direction of light beam). These spring 
wires hold the platform 20 with respect to the sledge 10 in the absence of any external 
supportive forces. However, in the case of an external force exerted on the platform 20, the 
spring wires 23 bend relatively easily to allow a displacement of the platform 20 with respect 
to the sledge 10 in the X-direction and Z-direction. The spring wires 23 may have equal 
stiffiiess in X-direction and Z-direction, but it is also possible that the stiffiiess in Z-direction 
differs from the stiffiiess in X-direction. 

A mounting of the platform 20 involving spring wires 23 to hold the platform 
20 with respect to the sledge 10 is known per se. It is noted that the present invention is not 
limited to a mounting design involving spring wires: any other suitable mounting design can 
be used in the context of the present invention. However, it is important that the stiffiiess or 
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elasticity of the mounting means, in this example the spring wires, is such as to allow radial 
displacement of platform 20 and sledge 10 with respect in case the sledge experiences a 
mechanical shock. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks (not shown) of the disc 2 by an optical beam. More specifically, the optical system 30 
comprises a light beam generating means 31, typically a laser such as a laser diode, which 
may be mounted with respect to the apparatus frame 3 or the sledge 10, and which is 
arranged to generate a light beam 32a which passes a beam splitter 33 and an objective lens 

34 carried by the platform 20. Th.e objective lens 34 focuses the light beam 32b on the disc 2. 
It is noted that the disc drive apparatus 1 also comprises focus servo means arranged for 
axially displacing the platform 20 in order to achieve and maintain focusing of the light beam 
32b exactly on the desired location of the disc 2, but such focus servo means are not 
illustrated in figure 1 for sake of clarity. 

The light beam 32b reflects from the disc 2 (reflected light beam 32c) and 
passes the objective lens 34 and the beam splitter 33 (beam 32d) to reach an optical detector 

35 mounted with respect to the sledge 10. The optical detector 35 produces a read signal Sr. 

Thus, the light beam 32 follows an optical path 80 which, at least partly, is 
substantially fixed with respect to the sledge 10. 

The disc drive apparatus 1 further comprises a control unit 90 having a first 
output 90a connected to a control input of the motor 4, having a second output 90b coupled to 
a control input of the radial sledge actuator 11, and having a third output 90c coupled to a 
control input of the radial platform actuator 21 . The control unit 90 is designed to generate at 
its first output 90a a control signal Scm for the motor 4, to generate at its second control 
output 90b a control signal Scs f° r sledge actuator 1 1 in order to control said force F, and 
to generate at its third control output 90c a control signal Sep for the platform actuator 21 . 

As should be clear to a person skilled in the art, the read signal Sr comprises 
at least one signal component which depends on the radial displacement of the objective lens 
34 with respect to the light beam 32. Hence, this signal component corresponds to the 
displacement of the objective lens 34 with respect to the sledge 10. An example of such 
signal component, and a method and device for deriving such signal component from the 
read signal Sr, are disclosed in US-5.173.598, the contents of which is incorporated here by 
reference. Such signal component as described in said publication can be used in practicing 
the present invention. 
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In the following, any signal which is representative of radial displacement of 
the objective lens 34 with respect to the sledge 10 will be referred to as X-displacement 
signal Sxd- 

Such X-displacement signal Sxd needs not necessarily be derived from the 
optical read signal Sr. Within the context of the present invention, it is possible to derive an 
X-displacement signal Sxd &om other sources. For instance, in a case where the radial 
platform actuator 21 comprises an electromagnetic device, a displacement of the platform 20 
with respect to the sledge 10 will induce a back-EMF in such electromagnetic device; such 
back-EMF is perfectly suitable to be received by the control unit 90 in order to be used as 
X-displacement signal Sxd- However, in the following, the present invention will be further 
explained referring to an exemplary embodiment wherein the X-displacement signal Sxd is 
derived from the optical read signal Sr, without such explanation being intended to restrict 
the present invention to such embodiment. 

In the exemplary embodiment illustrated in figure 1 A, the control unit 90 
further has a read signal input 90d for receiving the read signal Sr from the optical detector 
35, and the control unit 90 is designed for deriving from the read signal Sr an 
X-displacement signal Sxd- The control unit 90 is further designed to provide this 
X-displacement signal Sxd at an X-displacement output 90f to a decision unit 91. The 
decision unit 91 investigates the X-displacement signal Sxd to determine whether this signal 
is indicative for a displacement large enough to indicate a stop of the sledge 10. Depending 
on the outcome of such investigation, the decision unit 91 will return a limit signal Sl to a 
second input 90g of the control unit 90. In response, the control unit 90 will send a control 
signal Scs to the sledge actuator 1 1 terminating the force F exerted by this actuator, thus 
effectively limiting the actuation time of this actuator to the time needed to reach an end stop. 

Thus, the actuation of this actuator is terminated if the sledge 10 bumps 
against its end stop 16. It is noted, however, that the actuation of this actuator is also 
terminated if the sledge 10 is blocked by any other cause than the end stop 16. 

It is noted that the control unit 90 and the decision unit 91 are illustrated and 
discussed here as separate units, exchanging signals Sxd and Sl- Although such separate 
implementation is feasible indeed, the control unit 90'and the decision unit 91 are, in a 
preferred embodiment, integrated as one single unit. Further, although the decision unit 91 
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may be implemented as a separate hardware device, the operation of the decision unit 91 is 
preferably implemented as a suitable programming of the integrated control and decision 
unit, either in software, hardware or firmware. 

On the other hand, it is also possible to have the detector output signal Sr 
received and to have the X-displacement signal (Sxd) derived therefrom by a component 
separate from the control unit 90. 

In the following, a method 200 for initializing the radial position of the optical 
lens 34 in a start-up phase of the disc drive apparatus 1 will be explained with reference to 
figure 2. 

First, the light beam generating device 31 is switched on (step 201), and a 
focus actuator (not shown) is activated (step 202), such as to obtain a detector output signal 
Sr for the control unit 90. It is noted that, in order to obtain such detector output signal Sr, it 
is not essential that the disc 2 is rotated. 

Then, the control unit 90 generates a sledge control signal Scs order to 
energize the radial sledge actuator 1 1 (step 203) so that said force F moves the sledge 10 
towards an end position as defined by said end stop 16. 

The control unit 90 receives the detector output signal Sr (step 204), and 
derives therefrom (step 205) the X-displacement signal Sxd- 

This X-displacement signal Sxd is compared to a predefined threshold 
condition Th (step 206). 

As long as the sledge 10 has not yet reached the radial end stop 16, the 
velocities of sledge 10 and platform 20 are substantially equal and the X-displacement signal 
Sxd is substantially zero. Then, the above steps 204-206 are repeated, indicated as a return 
step 207. 

However, at the moment when the sledge 10 bumps against the radial end stop 
16, its velocity is reduced to zero almost immediately whereas the mass inertia of the 
platform 20 urges the platform 20 to maintain its velocity with respect to the apparatus frame 
3. If no external forces are applied to the platform 20, the objective lens 34 is displaced with 
respect to the sledge 10, i.e. the platform 20 obtains a differential velocity with respect to the 
sledge 10 and a differential position with respect to the sledge 10, so that the X-displacement 
signal Sxd rapidly increases. This situation is detected by the control unit 90 and/or the 
decision unit 91 because now the X-displacement signal Sxd ri ses above the said threshold 
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Th. In response, the control unit 90 generates its control signal Scs to switch off the radial 
sledge actuator 1 1 (step 208). 

It is also possible that, while energizing the sledge actuator 1 1, the control unit 
90 also generates a platform control signal Sep in order to energize the radial platform 
actuator 21 . The control unit 90 receives the detector output signal Sr (step 204), and derives 
therefrom (step 205) the X-displacement signal Sxd- Based on this signal, the control unit 90 
forms a control loop with the detector 35 and the radial platform actuator 21, such as to try to 
effectively fix the platform 20 to the sledge 10. In other words, the control unit 90 generates 
its platform control signal S C p such that the X-displacement signal Sxd is substantially 
maintained at zero. Now, the X-displacement signal Sxd itself is less reliable as a signal 
indicating a stop of the sledge, because the control action of the control unit 90 has reduced 
the magnitude of the differential velocity and the differential position of the platform 20 with 
respect to the sledge 10. However, the platform control signal Sep, which reflects the force 
needed to effectively counteract the differential velocity and the differential position, reflects 
the deceleration or acceleration of the sledge and can be used as measuring signal. So, in such 
case, the platform control signal Sep is compared to a threshold Th and, if it is found that the 
platform control signal S C p rises above the said threshold Th, the control unit 90 generates its 
control signal Scs to switch off the radial sledge actuator 1 1 (step 208). 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that various variations and 
modifications are possible within the protective scope of the invention as defined in the 
appending claims. For instance, the method proposed by the present invention is also suitable 
to detect a substantial deceleration or acceleration of the sledge. 

Further, it is not necessary that the laser 31 and the detector 35 are fixed to the 
sledge 10. As an alternative, it is also possible that the laser 31 and/or the detector 35 are 
fixed to the apparatus frame 3. The light beam is coupled to the objective lens 34 by, for 
instance, a 90° mirror which is connected to the sledge, which effects a coupling of at least 
part of the light path 80 to the sledge. 



